Research in Drosophila has many advantages for the study of complex behavior. Two studies identify a new role for chemical and electrical signaling in the anterior paired lateral neurons during memory formation.
Born as a model system in the world of classical genetics, fruit flies have emerged in the last forty years as the quintessential experimental organism for studying the genetics of behavior. More recently, genetic techniques have yielded tools for conditional transgenic expression. The ability to non-invasively alter molecular function, in a simultaneously spatially and temporally restricted manner, is the key to integrating molecular, cellular, and systems neuroscience. In flies, the availability of such tools is unparalleled. Coupled with recent advances in the mapping of Drosophila neuronal circuitry [1] , genetic tools have opened the door for a precise understanding of behavioral mechanisms. Two new studies [2, 3] , reported in this issue of Current Biology, have taken advantage of these tools in Drosophila, using conditional expression to characterize a new role for a pair of neurons in the circuitry of memory formation.
During olfactory classical conditioning in Drosophila, an odor is paired with a negative or positive reinforcer. The resulting olfactory memory can be divided into distinct temporal phases: short-, middle-, and long-term memory. For both appetitive and aversive conditioning, middle-term memory, which occurs between one and three hours after training, consists of two components: a consolidated, anesthesia-resistant memory, and a shorter-lasting, labile anesthesia-sensitive memory.
While appetitive and aversive conditioning have several notable differences [4] [5] [6] [7] , both depend on the mushroom body, where conditioned and unconditioned stimulus inputs are integrated [8] . The mushroom body itself consists of Kenyon cells. Kenyon cell bodies surround the calyx, where their dendrites reside, in the posterior-dorsal protocerebrum. Their axons project via the peduncle, and diverge to form the dorsally projecting a and a 0 lobes, and the medially projecting b, b 0 , and g lobes. The lobes of the mushroom body are innervated by a pair of neuropeptidergic, amnesiac-expressing dorsal medial paired (DPM) neurons, which are critical for middle-term memory [9] . In this issue, Wu et al. [2] and Pitman et al. [3] demonstrate a functional role for chemical as well as electrical signaling in a second pair of neurons, the GABAergic anterior paired lateral (APL) neurons, in the anesthesia-sensitive, labile component of middle-term memory.
Pitman et al. [3] used the Gal4/UAS system to express a temperature-inducible blocker of synaptic transmission in several populations of cells in the Drosophila brain. When drivers that express in the APL neurons are used to block transmission for two hours following appetitive training, the expression of anesthesia-sensitive, three-hour middle-term memory is impaired. Intriguingly, long-term memory is not affected, suggesting a parallel mechanism.
Furthermore, Wu et al. [2] show that gap junctions function between DPM neurons and APL neurons. Gap junctions have previously been identified in mouse hippocampal interneurons [10] , and have been implicated in memory formation in mammals [11, 12] . Although a wide variety of gap junction inhibitors exist [13] , the anatomical and pharmacological specificity of these blockers limits interpretation of their effects. Likewise, studies in knockout and mutant animals cannot rule out off-target, or developmental effects.
The comprehensive, UAS-driven RNA interference (RNAi) library available for Drosophila allowed Wu et al. [3] to circumvent these constraints. Using a combination of two GAL4 drivers, whose expression patterns include DPM or APL neurons, these authors individually knocked down all eight known innexin subtypes -the subunits that form gap junctions in insects. Gap junctions are formed by the convergence of hemichannels between two cells. Wu et al. [2] found that innexin 7 is required in the APL neuron, and innexin 6 is needed in the DPM neuron to form hemichannels that function in three-hour anesthesia-sensitive memory. Because heterotypic gap junctions can mediate asymmetrical electrical communication between cells [14, 15] , these results suggest the possibility of differential, or even unidirectional signaling between APL and DPM neurons. This process could be differentially modulated in these cells, since gap junctional communication can be regulated by intracellular signaling events [16] .
Finally, Wu et al. [2] and Pitman et al. [3] examined the anatomical connectivity between the APL and DPM neurons, and the mushroom body. By combining binary transcriptional systems to co-label APL and DPM neurons, they found preferential co-localization in the a 0 and b 0 lobes of the mushroom body, where Wu et al. [2] report innexin labeling. Using the split-GFP labeling, Pitman et al. [3] confirmed enriched APL-DPM contact in the a 0 b 0 lobes, where markers of presynaptic APL sites are also highest.
While the precise functional circuitry of memory remains to be detailed, these data are consistent with proposed models of reverberatory activity between the a 0 b 0 lobes of the mushroom body and DPM neurons, which could function to temporarily maintain, and consolidate learned information [17, 18] . Potentially, APL neurons, coordinated with DPM activity, could provide modulatory input to the mushroom body at the a 0 b 0 lobes. Given a previously identified role for GABAergic transmission from APL neurons in learning [19] , these cells could provide inhibitory, stabilizing inputs to the circuit. We look forward to further studies that will clarify their role. Regardless, these findings have uncovered both a critical molecular, and cellular component to anesthesia-sensitive middle-term memory, and are an important step in determining the mechanisms for distinct phases of memory formation. To untangle the molecular and neuroanatomical machinery of complex behavior is no small problem. Recent experiments on nucleoli suggest that their dynamic behavior is liquidlike with common fusion events and that the surrounding actin plays an active role in these dynamics.
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Understanding the basic principles of self-assembly in biological systems, and the connection between underlying molecular activities and the resulting macroscopic organization are two of the greatest challenges in biology and biophysics [1] . One particular example -fundamental for cell growth and development -is provided by the RNA-protein assemblies found in the nucleoplasm of cells. Despite experiments on nucleolar fusion of somatic cells dating back almost a hundred years, the assembly dynamics of such complexes are still poorly understood [2] .
The nucleolus is an intriguing non-membrane-bound assembly, made up of proteins and nucleic acids, that resides in the nucleus. It is important for the transcription and assembly of ribosomal RNA.
Understanding the assembly behavior of nucleoli, and what regulates their size and shape, is key to understanding the underlying causes of diseases such as Huntington's disease [3] and spinal muscular dystrophy [4] .
Recent electron microscopy and fluorescence imaging studies show that nucleoli contain complex structures [5] . It is natural to expect that the aggregation of proteins and RNA will lead to irregular complex assemblies, similar to those seen in amyloid plaques found in Alzheimer patients [6] . However, nucleoli are often observed to be spherical, which raises an important question. How do nucleoli self-assemble into these isotropic structures?
Now, in a recently published study, Brangwynne et al. [7] have used the germinal vesicles of amphibian oocytes to probe the fundamental nature of nucleoli assembly, and understand the principles that regulate nucleolar structure and dynamics. Using fluorescence imaging of GFP-tagged nucleolar proteins, and differential interference contrast microscopy, these authors tracked and analyzed large ensembles of nucleoli. Their observations show that nucleoli are mostly isotropic in shape, much like liquid droplets, with a power law size distribution.
These observations raised even more questions. If the nucleoli are indeed liquid-like, one should expect to see fusion events between two or more nucleoli, leading to the observed different sizes. Would the volume of the nucleoli be conserved just like in liquids? Would they undergo fission events? What is their effective surface tension?
To test the hypothesis that nucleoli are formed as the result of a liquid-like aggregation process [8] , Brangwynne et al. [7] first performed Monte Carlo simulations of diffusive aggregation of droplets, and obtained a power law distribution of sizes with the same exponent as they measured for nucleoli. An important property of power-law distributions is scale invariance, i.e. the distribution is independent of the particular scale chosen. An ensemble
